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 A further evolutionary approach to human behaviour is memetics, which 
draws a direct analogy with genetic evolution. The idea of a discrete cultural 
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@2@>/),02*!=>,),02*!@)3)=.,.3!!!P!Q).µ!E32=!ROS!:.G>.*9.!+),)(!8-.3.!).!0:!,-.!
.EE.9,0D.!@2@>/),02*!:0T.!)*+!µ!,-.!=>,),02*!3),.A!
B-.!:.92*+!)@@32)9-(!0=@23,)*9.!:)=@/0*?!4UV'!4:..!W0@/.<!$%K"'!)//28:(!0*!
?.*.309!,.3=:(!.EE090.*,!.:,0=),02*!2E!)*!>*1*28*!,)3?.,!+0:,30;>,02*!;<!,)10*?!
:)=@/.:!E32=!)!9)3.E>//<!,3)*:E23=.+!D.3:02*!2E!,-.!,)3?.,!80,-!E3.G>.*90.:!0*!
@32@23,02*!,2!,-.03!8.0?-,!23!X0=@23,)*9.Y!0*!,-.!230?0*)/!,)3?.,A!U*!2>3!92*,.H,(!,-0:!
=.,-2+!)//28:!,-.!93.),02*!2E!0*+.@.*+.*,!:)=@/.:!E32=!,-.!>*+.3/<0*?!/01./0-22+!
E>*9,02*(!=.)*0*?!0,!9)*!;.!=>9-!=23.!.EE090.*,!,-)*!,-.!CZCZ!:)=@/0*?!@329.::!
8-09-!-):!,2!-)D.!3.)9-.+!.G>0/0;30>=![!:2=.,-0*?!,-),!9)*!,)1.!)!/2*?!,0=.!)*+!7!23!
9)*!;.!+0EE09>/,!,2!?>)3)*,..A!B-0:!)@@32)9-!8):!@02*..3.+!0*!@2@>/),02*!?.*.,09:!;<!
\30EE0,-:!)*+!B)D)3]!4$%%Q)(!$%%Q;(!:..!)/:2!V,.@-.*:!)*+!R2**.//<!#&&&'A!
M2,-!2E!,-.:.!=.,-2+:!@32D0+.!)*!.:,0=),.!2E!,-.!/01./0-22+!E>*9,02*(!:2!
0*E.3.*9.!2*!,-.!@)3)=.,.3:!9)*!,-.*!;.!9)330.+!2>,!.0,-.3!,-32>?-!=)H0=>=!
/01./0-22+(!23!;<!.=;.++0*?!,-.=!0*!)*!.H@/090,/<!M)<.:0)*!E3)=.8231!4:..!L0/:2*!
)*+!M)/+0*?!$%%K!)*+!M.)>=2*,!$%%%'A!!
!
! "#!
!"#"$%&'(%)*+(,-*.%/0*1(2304!
$%&'(!)*'!+,-'./,%!0,(,&/12!)*'!0,(,2')'(.!34!,!23&'5!,('!)*'2.'56'.!
,..72'&!)3!*,6'!,!0(38,8/5/)-!&/.)(/87)/3%9!)3!('45':)!)*'!7%:'(),/%)-!/%!)*'/(!)(7'!
6,57'.;!<*'!&/.)(/87)/3%!34!)*'!0,(,2')'(.!!"#$%"!)*'!&,),!*,.!8''%!38.'(6'&!&=!!>!/.!
:,55'&!)*'!'%($%!&/.)(/87)/3%9!,%&!,553?.!)*'!/%:57./3%!34!0('6/37.!@%3?5'&1'!,837)!
)*'!0,(,2')'(.!7%('5,)'&!)3!)*'!&,),!=?*/:*!2,-!8'!38A':)/6'!3(!('45':)!)*'!.78A':)/6'!
8'5/'4.!34!)*'!('.',(:*'(>;!B4)'(!38.'(6/%1!)*'!&,),!)9!?'!:,%!C70&,)'D!37(!0(/3(!
@%3?5'&1'!,837)!)*'!0,(,2')'(.!?/)*!/%43(2,)/3%!4(32!)*'!&,),;!<*/.!:3%&/)/3%,5!
&/.)(/87)/3%!34!)*'!0,(,2')'(!1/6'%!)*'!&,),!&=!!E)>!/.!:,55'&!)*'!'$*+"%($%!
&/.)(/87)/3%9!,%&!/.!:,5:75,)'&!7./%1!+,-'.D!)*'3('2F!!
!
!!
 
"(! |#) =
"(# |! )"(! )
"(#)
!
!
?*'('!&=)E!!>!/.!)*'!5/@'5/*33&9!,%&!)*'!&'%32/%,)3(!&=)>!/.!,!%3(2,5/G/%1!:3%.),%)!
=43(2,55-!)*'!C0(/3(!0(38,8/5/)-!34!)*'!&,),D
 
= P(D |! )P(! )d!" >;!
B55!/%4'('%:'.!,837)!)*'!0,(,2')'(.!!!,('!&'(/6'&!4(32!)*/.!03.)'(/3(!
&/.)(/87)/3%;!<*'!23&'!34!)*'!2,(1/%,5!03.)'(/3(!&/.)(/87)/3%!43(!',:*!0,(,2')'(!:,%!
8'!),@'%!,.!,!03/%)!'.)/2,)'9!,%&!:('&/85'!/%)'(6,5.!=HI.>!,('!',./5-!:3%.)(7:)'&!7./%1!
)*'!),/5JK7,%)/5'.!34!)*'!&/.)(/87)/3%;!B%!,L!+,-'./,%!HI!:,%!8'!./205-!/%)'(0(')'&!,.!
:3%),/%/%1!)*'!)(7'!0,(,2')'(!?/)*!0(38,8/5/)-!,L;!<*/.!/.!/%!:3%)(,.)!)3!,%!,L!
4('K7'%)/.)!:3%4/&'%:'!/%)'(6,5!=HI4>9!?*/:*!1/6'.!)*'!0'(:'%),1'!34!/&'%)/:,55-!:(',)'&!
HI4!4(32!('0',)'&!.,205/%1!)*,)!?/55!:3%),/%!)*'!)(7'!0,(,2')'(;!M3(!03.)'(/3(!
! "#!
$%&'(%)*'%+,&!'-.'!.(/!,+'!*,%0+$.12!!3!-%4-/&'!5+&'/(%+(!$/,&%'6!789:;!%,'/(<.1&!.(/!
+='/,!4%</,2!>-%?-!.(/!&%0516!'-/!%,'/(<.1&!?+,'.%,%,4!!3!+=!'-/!-%4-/&'!5+&'/(%+(!
5(+).)%1%'6@!
A-/!0.B+(!)/,/=%'!+=!'-/!C.6/&%.,!=(.0/>+(D!.(%&/&!=(+0!%'&!D/6!$%==/(/,?/!
>%'-!=(/E*/,'%&'!.55(+.?-/&2!,.0/16!'-.'!%'!?+,&%$/(&!'-/!*,D,+>,!5.(.0/'/(&!.&!
(.,$+0!<.(%.)1/&!>%'-!5(+).)%1%'6!$%&'(%)*'%+,&@!F.'-/(!'-.,!5(+<%$%,4!5(+).)%1%'6!
&'.'/0/,'&!+,!'-/!$.'.!.&!%,!=(/E*/,'%&'!.55(+.?-/&2!C.6/&%.,!0/'-+$&!5(+<%$/!
&'.'/0/,'&!+,!'-/!*,D,+>,!5.(.0/'/(&!%,!1%4-'!+=!'-/!$.'.!.1(/.$6!+)&/(</$@!A-/!
+,16!&*)&'.,'%</!?(%'%?%&0!+=!'-/!C.6/&%.,!=(.0/>+(D!?+,?/(,&!'-/!(/1%.,?/!+,!.!5(%+(!
$%&'(%)*'%+,@!G-++&%,4!,+,H%,=+(0.'%</!5(%+(&!'-.'!(/5(/&/,'!'+'.1!%4,+(.,?/!.)+*'!
'-/!5.(.0/'/(!?.,!)/!$%==%?*1'!+(!/</,!1/.$!'+!%,?+,&%&'/,?%/&2!.,$!'-/(/!%&!.1&+!
?+,'(+</(&6!+</(!-+>!&*)B/?'%</!?-+%?/&!+=!5(%+(!0.6!%05.?'!+,!&?%/,'%=%?!%,=/(/,?/@!
8+>/</(2!'-/&/!5(+)1/0&!.(/!1.(4/16!'/?-,%?.1!%&&*/&!.,$!$+!,+'!$/'(.?'!&%4,%=%?.,'16!
=(+0!'-/!=.?'!'-.'!'-(+*4-!'-/!%,?+(5+(.'%+,!+=!.!5(%+(!'-/!C.6/&%.,!=(.0/>+(D!
5(+<%$/&!.!,.'*(.1!>.6!+=!*'%1%I%,4!"##!'-/!%,=+(0.'%+,!.<.%1.)1/@!J+>!'-.'!&+0/!+=!'-/!
5(/<%+*&!?+05*'.'%+,.1!%&&*/&!7.&!)(%/=16!+*'1%,/$!.)+</;!'-.'!1%0%'/$!'-/%(!
.551%?.)%1%'6!.(/!)/4%,,%,4!'+!)/!+</(?+0/2!C.6/&%.,!'/?-,%E*/&!-.</!)/?+0/!
%,?(/.&%,416!5(/<.1/,'!.,$!%05+('.,'!%,!4/,/'%?!.,.16&%&!7&//!C/.*0+,'!.,$!F.,,.1.!
KLL#!=+(!.!(/?/,'!(/<%/>;@!
!
!
!
! "#!
!
"#$#$!%&&'()*+,-.!/,0.1*,2!3(+&4-,-*(2!5%/67!
"#$#$#8!%/6!(4-9*2.!
$%&'(')*!&+',+')!&'!-.%/,!-!0-1'23-4!-//)%-5+!%)!4%,*!,+'!5'4,)-6!3227'!32!
,+-,!,+'!4'5'22-)1!'2,38-,3%4!%9!63:'63+%%.!9745,3%4!5-4!;'!.3993576,!-4.!,38'<
5%427834=*!'2/'53-661!-2!8%.'62!;'5%8'!8%)'!5%8/6'>?!@!)'5'4,*!-4.!%4=%34=*!
.'('6%/8'4,!:4%&4!-2!-//)%>38-,'!0-1'23-4!5%8/7,-,3%4!A@0BC!4'-,61!53)578('4,2!
,+'!'>/6353,!5%423.')-,3%4!%9!63:'63+%%.!9745,3%42?!D4!;)3'9*!@0B!/)%.75'2!-//)%>38-,'!
/%2,')3%)!.32,)3;7,3%42!9%)!,+'!/-)-8',')2!%9!-!8%.'6!;1!)'/'-,'.61!23876-,34=!&3,+!
/-)-8',')!(-67'2!5+%2'4!)-4.%861!9)%8!/)3%)!.32,)3;7,3%42!-4.!-55'/,34=!%461!,+%2'!
(-67'2!,+-,!)'276,!34!-!E=%%.!93,F!;',&''4!,+'!23876-,'.!-4.!%;2')('.!.-,-?!G+32!
-//)%-5+!&-2!93)2,!%7,634'.!;1!G-(-)H!!"#$%&!AIJJ"C*!-4.!38/%),-4,!27;2'K7'4,!
'>,'423%42!,%!,+32!25+'8'!AL7!-4.!M3!IJJ"*!N'322!-4.!(%4!$-'2'6')!IJJO*!P)3,5+-).!!"#
$%&!IJJJ*!0'-78%4,!!"#$%&!QRRQC!+-('!-66%&'.!3,2!-//635-,3%4!,%!-!&3.'!(-)3',1!%9!
349')'45'!/)%;6'82!;%,+!34!/%/76-,3%4!='4',352!A2''!9%)!'>-8/6'!S2,%7/!!"#$%&!QRRT*!
L-=74.'2!!"#$%&!QRR"*!U-1!!"#$%&!QRIRC!-4.!'62'&+')'!A2''!9%)!'>-8/6'!G%43!-4.!
V,78/9!QRIRC?!
!
"#$#$#"!:.;.9(&+.2-!(<!%/6!
! G+'!%)3=34!%9!@0B!63'2!34!-!E)'W'5,3%4F!-6=%)3,+8!.7'!,%!G-(-)H!!"#$%&!AIJJ"C!,+-,!
-66%&2!,+'!5)'-,3%4!%9!2-8/6'2!9)%8!,+'!/%2,')3%)!.32,)3;7,3%4?!D4!%).')!,%!34,)%.75'!
,+'!9766!@0B!-6=%)3,+8*!5%423.')!,+'!9%66%&34=!2-8/634=!25+'8'X!
! "#!
$%& '()*!+)(),-.-(!/)01-2!!!$3&!4(5,!.6-3(!+(35(!732.(381.359!"$!!&:!*6-(-!$3&!32!.6-!
2),+0-!397-;<!
$=& >??-+.!+)(),-.-(2!!!$3&!*3.6!+(58)8303.@!+(5+5(.359)0!.5!"$#A!!&:!3<-<!.6-!
03B-036557<!C-.1(9!.5!2.-+!$%&!
! !
! D6-!)??-+.-7!+)(),-.-(!/)01-2!)(-!732.(381.-7!-;)?.0@!)2!.6-!+52.-(35(!"$!!
A#&<!D632!32!23,+0@!)!(-2.).-,-9.!54!E)@-2F!.6-5(-,!39!.6-!45(,!54!)9!3.-().3/-!
)0G5(3.6,H!*-!1+7).-!51(!+(35(!B95*0-7G-!)851.!.6-!+)(),-.-(2!1239G!.6-!03B-036557<!
I5*-/-(:!39!5(7-(!.5!)/537!.6-!?)0?10).359!54!.6-!03B-036557!419?.359!"$#A!!&:!D)/)(J!$%!
&'(!$%KK"&!7-,592.().-7!.6).!.6-!.)(G-.!+52.-(35(!"$!!A#&!?)9!8-!58.)39-7!8@!
G-9-().39G!23,10).-7!7).)!197-(!)!,57-0!$*3.6!+)(),-.-(2!2),+0-7!4(5,!+(35(2&!)97!
)??-+.39G!L12.!.652-!+)(),-.-(!2-.2!45(!*63?6!.6-!23,10).-7!7).)!,).?6-2!.6-!
582-(/-7!7).)<!D632!*)2!41(.6-(!G-9-()03M-7!8@!N1!)97!O3!$%KK"&:!*652-!12-!54!P59.-!
Q)(05!23,10).359!)005*-7!.632!)++(5)?6!.5!8-!-;.-97-7!.5!4)(!,5(-!?5,+0-;!
7-,5G()+63?!,57-02<!D6-!)0G5(3.6,!32!)2!45005*2R!
$%& '()*!+)(),-.-(!/)01-2!!!$3&!4(5,!.6-3(!+(35(!732.(381.359!"$!!&<!
$=& S-9-().-!23,10).-7!7).)!#$3&!197-(!)!2.5?6)2.3?!,57-0!*3.6!+)(),-.-(2!!!$3&<!
$T& >??-+.!+)(),-.-(2!!!$3&!34!.6-!23,10).-7!7).)!-U1)02!.6-!582-(/-7!7).):!3<-<!#$3&!V!
#<!C-.1(9!.5!2.-+!$%&<!
!
! ""!
! #$%&!'()*+,-&!%.*-'-.*-./!&01'2-&!3()1!/$-!/0(4-/!')&/-(%)(!!5!!6"78!&)!
(-'-0/-*!%/-(0/%).!9%22!(-&+2/!%.!0!*%&/(%:+/%).!)3!0,,-'/-*!'0(01-/-(!;02+-&!/$0/!
,).;-(4-&!-<0,/2=!/)!!5!!6"7>!?)/$!#0;0(@!#$%&'(!5ABB"7!0.*!C+!0.*!D%!5ABB"7!
&+44-&/-*!(-'20,%.4!/$-!3+22!*0/0!"!9%/$!&+110(=!&/0/%&/%,!)>!#$-&-!&+110(=!&/0/%&/%,&!
&$)+2*!%*-022=!:-!E&+33%,%-./F!3)(!/$-!*0/08!1-0.%.4!/$0/!/$-=!,0'/+(-!022!(-2-;0./!
%.3)(10/%).!).!/$-!'0(01-/-(&!%.!/$-!*0/08!%>->!!5!!6"7!G!!5!!6)7>!#$-!,$)%,-!)3!
&+33%,%-./!&/0/%&/%,&!,0.!:-!'():2-10/%,8!0&!.)!3)(102!1-/$)*!-<%&/&H!/$%&!9%22!*%&,+&&-*!
%.!1)(-!*-/0%2!:-2)9>!I-%&&!0.*!;).!J0-&-2-(!5ABBK7!-</-.*-*!/$-!L)./-!M0(2)!
&%1+20/%).!0''()0,$!/)!%.,)(')(0/-!1+2/%'2-!&/0/%&/%,&!0.*!1)(-!/$0.!0!&%.42-!
'0(01-/-(>!#$-=!02&)!(-20<-*!/$-!&/(%.4-./!0,,-'/0.,-!,(%/-(%).!)3!0.!-<0,/!10/,$!
:-/9--.!/$-!&/0/%&/%,&!,02,+20/-*!).!/$-!&%1+20/-*!*5%7!0.*!):&-(;-*!*0/0!*8!:=!
(-/0%.%.4!'0(01-/-(!&-/&!9$-.!/$-!E*%&/0.,-F!:-/9--.!/$-!/9)!;-,/)(&!)3!&/0/%&/%,&!
"5*5%78!*7!90&!2-&&!/$0.!0!&1022!0(:%/(0(=!/)2-(0.,-!2-;-2!!>!!
!
"#$#$#%!&'(')*+,-!./0!
#$-!3+22!N?M!E(-O-,/%).F!024)(%/$1!90&!,2-0(2=!&-/!)+/!:=!P(%/,$0(*!#$%&'(!5ABBB7!0&!
3)22)9&Q!
5A7 M$))&-!&+110(=!&/0/%&/%,&!)!0.*!,02,+20/-!/$-&-!).!/$-!):&-(;-*!*0/0!*>!
5R7 M$))&-!0!/)2-(0.,-!!>!!
5S7 T(09!'0(01-/-(!;02+-&!!!5%7!3()1!/$-%(!'(%)(!*%&/(%:+/%).!!5!!7>!
5U7 V-.-(0/-!&%1+20/-*!*0/0!"5%7!9%/$!'0(01-/-(&!!!5%7>!
5W7 M02,+20/-!&+110(=!&/0/%&/%,&!).!/$-!&%1+20/-*!*0/0%*5%7>!
! "#!
$%& '()*+)(,-!./0,(1*-!2-(0+3-!!$"$/&4!"&5!
$"& 6**-7,!7(3(2-,-30!"!$/&!/8!!$"$/&4!"&!9!!5!:-,+31!,;!0,-7!$<&5!
! !
! =>-!(**-7,-.!0/2+)(,/;10!(3-!/1.-7-1.-1,!;?0-3@(,/;10!83;2!#$"!A!!$"$/&4!"&!9!
!&5!60!!!!"!B!,>/0!73;*-00!0/27)C!3-*(7,+3-0!,>-!73/;3!./0,3/?+,/;14!?+,!(0!!!"!D!/,!
(0C27,;,/*())C!(773;(*>-0!#$"!A$&4!E>/*>!/0!-F+()!,;!;+3!,(3G-,!7;0,-3/;3!#$"!A%&!G/@-1!
,>(,!,>-!0,(,/0,/*0!(3-!0+88/*/-1,5!H;E-@-34!,>/0!3-I-*,/;1!()G;3/,>2!/0!1;,!7(3,/*+)(3)C!
-88/*/-1,5!=>-!,;)-3(1*-!!!>(0!,;!?-!02())!-1;+G>!8;3!,>-!(**-7,-.!0/2+)(,/;10!,;!
(773;J/2(,-!,>-!7;0,-3/;3!$3(,>-3!,>(1!?-/1G!.;2/1(,-.!?C!,>-!73/;3&4!2-(1/1G!,>(,!
,>-!;@-3E>-)2/1G!2(I;3/,C!;8!0/2+)(,/;104!,C7/*())C!2(1C!2/))/;104!(3-!3-I-*,-.!8;3!
I+0,!(!8-E!,>;+0(1.!(**-7,(1*-05!K;!,>-!*>;/*-!;8!!!/0!(!,3(.-L;88!?-,E--1!(**+3(*C!;8!
,>-!(773;J/2(,/;1!,;!,>-!7;0,-3/;3!(1.!*;27+,(,/;1()!-88/*/-1*C5!
!
"#$#$#%!&'()'**+,-!./01*2'/!345!6!4'.17,-2!!"#$%&!8"99":!
! 6!E(C!,;!/273;@-!*;27+,(,/;1()!-88/*/-1*C!/0!,;!());E!)(3G-3!,;)-3(1*-!!4!/5-5!
(**-7,!2;3-!$(1.!ME;30-N&!0/2+)(,/;104!?+,!,>-1!(.I+0,!,>-!3-,(/1-.!7(3(2-,-30!,;!
-J7)/*/,)C!,(O-!(**;+1,!;8!,>-!(*,+()!./0,(1*-!!$"$/&4!"&!$/5-5!MF+()/,C!;8!8/,N&!8;3!-(*>!0-,!
3(,>-3!,>(1!+0/1G!/,!0/27)C!(0!(!P;;)-(1!/1./*(,;3!8;3!(**-7,(1*-!Q!3-I-*,/;15!=>/0!
(773;(*>!E(0!8/30,!73;7;0-.!?C!P-(+2;1,!&'!()*!$RDDR&5!=>-C!0+GG-0,-.!S!(0!
()G;3/,>2!0,-70!$#&!(1.!$T&!S!,>(,!,>-!3-,(/1-.!7(3(2-,-3!0-,0!"!$/&!?-!02;;,>)C!
E-/G>,-.!(**;3./1G!,;!!$"$/&4!"&!(1.!,>-1!(.I+0,-.!E/,>!(!2+),/7)-!);*()L)/1-(3!
! "#!
$%&$%''()*!+,(-,!-)$$%-.'!/)$!.,%!0('-$%12*-3!4%.+%%*!!5(6!2*0!!7!8,('!('!2-,(%9%0!43!
:'(*&!2*!;12*%-,*(<)9!<%$*%=!+%(&,.(*&!">!(*!.,%!$%&$%''()*?!
!
!!
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' 
!
!
+,%$%!#!('!2!*)$@2=(A(*&!-)*'.2*.!2*0!!!('!',)$.,2*0!/)$!.,%!$%&'()*+,!)/!.,%!
0('.2*-%!!5!5(6B!!67!C,(=%!).,%$!<%$*%='!-2*!4%!:'%0B!.,%!'.%%1!0%-=(*%!.)!A%$)!)/!.,('!
/:*-.()*!*%2$!!!D!!!%*':$%'!.,2.!9%$3!/%+!2--%1.%0!12$2@%.%$'!2$%!&(9%*!'@2==!*)*E
A%$)!92=:%'B!.,:'!2(0(*&!-)@1:.2.()*2=!%//(-(%*-3!5'%%!F%2:@)*.!,)-%./!GHHG67!8,%3!
2=')!1$)1)'%0!/)$!.,%!0('.2*-%!@%2':$%!!-.,%!;:-=(0%2*!*)$@!4%.+%%*!.,%!.+)!
592$(2*-%!*)$@2=(A%06!9%-.)$'!)/!'.2.('.(-'!!5(6!2*0!!B!(7%7!II!5(6!J!!II!D!
!!
 
(" "
(#)
! " ")
$
"" !B!
+,%$%!0!('!.,%!(*0%K!)/!%2-,!'.2.('.(-!+(.,(*!.,%!'%.!17!L)!.,%!2--%1.2*-%!$%&()*!('!.,%!'E
0(@%*'()*2=!'1,%$%!+(.,!$20(:'!!!5.,%!M!E42==N6!-%*.%$%0!2.!!7!O=')B!(*!1$2-.(-%!2!
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7+(2!)'.&403!+3!(+81(9!*&!0):1!;11,!)!/&.1!4&/%(+4)*12!),2!(1,<*09!%.&4133=!>!
)33'/12!)!3+,<(1!+,3*),*),1&'3!2&/13*+4)*+&,!1:1,*!;14)'31!+,!*01!);31,41!&-!
).40)1&(&<+4)(!1:+21,41!-&.!/'(*+%(1!1:1,*3!+,!*01!?1).!@)3*!AB+<,1!"CCDE=!+*!+3!*01!
/&3*!%).3+/&,+&'3!/&21(!*&!-+.3*!4&,3+21.5 F01!%&%'()*+&,!&-!2&/13*+4)*13!*01,!
<.&73!1G%&,1,*+)((9!*&!)!/&21.,!?1).!@)3*1.,!-1/)(1!1--14*+:1!3+H1!&-!DCC=CCC5!F01!
2&/13*+4)*+&,!1:1,*!3+H1!%).)/1*1.!"1A2E!+3!<+:1,!)!',+-&./!%.+&.!&,!*01!.),<1!IJ=!
KCCCL=!),2!*01!/'*)*+&,!.)*1!µ!+3!<+:1,!)!',+-&./!%.+&.!&:1.!*01!+,*1.:)(!MC5JN!
AO.)2(19!#$!%&'!JPP#E!*&!$$5"N!A@27).23!#$!%&5!"CC$E!%1.!/+((+&,!91).35 
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"CCKE=!),2!4)(4'()*12!*01!3)/1!JT!3*)*+3*+43!-&.!1)40!3+/'()*12!2)*)31*=!7+*0+,!),2!
;1*711,!*01!U),4+1,*V!),2!U/&21.,V!3)/%(1!<.&'%35!6+*0!*&(1.),41!%.&%&.*+&,!(!!W!
C5CCJ=!>!.1*)+,12!*01!K=CCC!;13*X-+**+,<!%).)/1*1.!31*3!Y!*&(1.),413!&-!C5CC"!),2!C5CCK!
<):1!:1.9!3+/+().!.13'(*35!F01!)%%.&G+/)*1!Z&+,*!%&3*1.+&.!2+3*.+;'*+&,!7)3!&;*)+,12=!
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9:''57!+&A3F!0*!&2752!.&!925:.5!:*!5O459.57!7)3.2)A;.)&*!1&2!+/!0!2545:.57!.-)3!42&9533!
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C:';53!1&2657!:*!564)2)9:'!5O459.57!7)3.2)A;.)&*!1&2!+/!(-)9-!(:3!.-5*!;357!.&!
9:'9;':.5!:!.(&H.:)'57!*HC:';5!1&2!.-5!&A352C57!3.:.)3.)9!+&A3F!G-)3!(-&'5!42&9533!(:3!
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! "#$!
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"==>?!3,5&)/!"@.!
! A8,%!-123,4/2-/!)/5,12B!%//!3,5&)/!C.CDB!E(%!)/'()F(D;*!%,',;()!+1!+8/!G1,2+!
:1%+/),1)!4/2%,+*!1D+(,2/4!+8)1&58!HIJ!73,5&)/!C.C(@B!,2!+8(+!:()('/+/)!-1'D,2(+,12%!
E,+8!8,58/)!:1%+/),1)!4/2%,+*!(;%1!8(4!8,58!'KL(;&/%.!M24//4B!+8/!'(9,'&'!'KL(;&/!7N!
=.$$$@!E(%!31&24!(+!(/74@!N!$O=B!µ!N!OPQ!:/)!',;;,12!*/()%B!E8,-8!E(%!)/(%12(D;*!
-;1%/!+1!+8/!G1,2+!'14/!/%+,'(+/4!+8)1&58!HIJ.!A8,%!'/(2+!+8(+!E/!-1&;4!)*"#)/G/-+!
1&)!'14/;!R!:()('/+/)!/%+,'(+/%!5,L/2!+8/!1D%/)L/4!%&''()*!%+(+,%+,-%!12!+8/!4(+(B!
(24!E/!,2+/):)/+/4!+8,%!(%!/L,4/2-/!+8(+!1&)!'14/;!E(%!)/(%12(D;/.!
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! A8/!;1E!2&'D/)!13!31&24,25!-(++;/!E/!8(L/!,23/))/4!3)1'!+8,%!4(+(!'(*!8(L/!
'(G1)!,':;,-(+,12%!31)!S/1;,+8,-!()-8(/1;15*B!(%!,+!,24,-(+/%!+8(+!-(++;/!41'/%+,-(+,12!
E(%!L/)*!;,F/;*!,2,+,(+/4!D*!)/%+),-+/4!5)1&:%!13!8&'(2%.!T8,;/!E/!8(L/!&%/4!(!%,':;/!
4/'15)(:8,-!'14/;B!+8/!:)/L,1&%!%/-+,12!4/'12%+)(+/%!+8(+!(!%,25;/!41'/%+,-(+,12!
/L/2+!,%!-12%,%+/2+!E,+8!+8/!4(+(B!(24!,2!+8/!(D%/2-/!13!()-8(/1;15,-(;!/L,4/2-/!+1!+8/!
-12+)()*!,+!,%!+8/!'1%+!:()%,'12,1&%!/9:;(2(+,12.!M3!+8/!3,)%+!-(:+,L/!-(++;/!E/)/!+(F/2!
,24/:/24/2+;*!3)1'!(!)(241';*!'(+,25!E,;4!:1:&;(+,12!(24!,2+/)D)/4B!+8/2!+8/!
/33/-+,L/!:1:&;(+,12!%,U/!/%+,'(+/!%81&;4!%+,;;!)/:)/%/2+!+8/!2&'D/)!13!S/()!V(%+/)2!
(&)1-8%!+8(+!-12+),D&+/4!+1!+8/!41'/%+,-!%+1-F.!M3!+8/!3,)%+!-(:+,L/!:1:&;(+,12%!E/)/!
,%1;(+/4!3)1'!12/!(21+8/)!+8/2!%&-8!%+)&-+&),25!E1&;4!:)/%/)L/!5/2/+,-!L(),(+,12!(24!
)/24/)!+8/!/33/-+,L/!:1:&;(+,12!%,U/!:)/%/2+/4!(D1L/!(%!(2!1L/)/%+,'(+/.!!
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! $%&'(!)%(!*+,''!(--(.)&/(!0102',)&13!*&4(!5(*2')!&*!&3)(5(*)&36!&3!&)*('-7!&)!,'*1!
051/&8(*!,31)%(5!9&38&5(.):!*125.(!1-!(/&8(3.(!,;12)!)%(!8(+165,0%<!1-!)%(!(,5'&(*)!
=(1'&)%&.!-,5+(5*>!?*!+(3)&13(8!!&3!@%,0)(5!"A!*(.)&13!">#>B7!)%(!&3)(65,)&13!1-!
+2')&0'(!'&3(*!1-!(/&8(3.(!+,<!051/&8(!-25)%(5!&3-15+,)&13!13!)%(!%2+,3!0102',)&13!
8<3,+&.*!1-!)%(!=(1'&)%&.>!C&+&',5!1361&36!.1'',;15,)&/(!D15E!13!)%(!81+(*)&.,)&13!1-!
1)%(5!*0(.&(*!*2.%!,*!61,)*!,38!%15*(*7!D&''!,'*1!01)(3)&,''<!051/&8(!,88&)&13,'!
(/&8(3.(!13!)%(!8(+165,0%<!1-!)%(!(,5'&(*)!-,5+&36!0102',)&13*>!
! "#$!
!"!#$%&'()*#+,-+./01,-!
%&'!(')'*+,!-*.!/*0/1*0,!.'2'3/45'*+!/6!)/-3'7)'*+!+&'/(8!-7!/9+31*'.!1*!+&17!
)&-4+'(,!&-7!4(/21.'.!-*!'661)1'*+!-*.!4/:'(693!+//3!6/(!0'*'(-+1*0!71593-+'.!0'*'+1)!
.-+-!9*.'(!1*)('-71*038!)/543';!.'5/0(-4&1)!&17+/(1'7<!=*!+-*.'5!:1+&!+&'!(-41.38!
.'2'3/41*0!61'3.!/6!-44(/;15-+'!>-8'71-*!)/549+-+1/*!?@>AB,!+&17!-44(/-)&!'*-C3'7!
(/C97+!1*6'('*)'!/*!+&'!.'5/0(-4&1)!&17+/(8!/6!-!4/493-+1/*!6(/5!/C7'(2'.!0'*'+1)!
.-+-!D!C/+&!5/.'(*!-*.!-*)1'*+<!%&'!+:/!';-543'7!/6!58!:/(E!012'*!1*!+&'!4('21/97!
7')+1/*!.'5/*7+(-+'!+&'!'661)-)8!/6!+&17!-44(/-)&F!0'*'(-+1*0!('793+7!:&1)&!5-8!-1.!
)/*7'(2-+1/*!'66/(+7!?G<H<I<HB,!-*.!7&'.!*':!310&+!/*!+&'!4(/)'77'7!/6!-*15-3!
./5'7+1)-+1/*!-+!+&'!C'01**1*0!/6!+&'!J'/31+&1)!?G<H<"<GB<!
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! "#$%&!'!#()&!*+(,-!./&0$1$0!02-0%3.$2-.!$-!&(0#!21!4#&!1$)&!/+&)$23.!0#(/4&+.5!
4#&+&!(+&!(!1&,!/2$-4.!'!,$.#!42!6(7&!$-!.366(+8!#&+&9!'4!$.!68!#2/&!4#(4!4#$.!4#&.$.!
#(.!.#2,-!0%&(+%8!#2,!*&62:+(/#$0!/+20&..&.!6(8!(11&04!)(+$(4$2-!$-!;24#!:&-&4$0!
(-*!03%43+(%!.8.4&6.9!<#(/4&+!=!*&)&%2/&*!(-*!34$%$>&*!(!:&2:+(/#$0(%%8?&@/%$0$4!:&-&?
03%43+&!02&)2%34$2-(+8!62*&%!4#(4!$-02+/2+(4&*!4#&!+&0&-4%8!*$.02)&+&*!*&62:+(/#$0!
/#&-26&-2-!21!(%%&%&!.3+1$-:5!42!&@/%($-!4#&!2;.&+)&*!*$)&+.$48!(0+2..!A3+2/&!21!(!
+&0&-4%8!*&+$)&*!%(04(.&!/&+.$.4&-0&!(%%&%&9!'-!<#(/4&+!B5!;8!(*(/4$-:!(!/+&)$23.!62*&%!
CD&-+$0#!=EEF(G!42!(%%2,!12+!./(4$(%!.3;.4+3043+&5!'!.#2,&*!#2,!#&4&+2:&-&$48!$-!
.3;/2/3%(4$2-!*&-.$48!023%*!(0023-4!12+!#&4&+2:&-&$48!$-!4#&!(00363%(4$2-!21!
026/%&@!03%43+(%!4+($4.9!H#$.!+&.3%4!,(.!3.&*!$-!4(-*&6!,$4#!:&-&4$0?;(.&*!&.4$6(4&.!
21!+&:$2-(%!/2/3%(4$2-!*&-.$48!4#+23:#234!4#&!I(4&!J%&$.420&-&5!42!(+:3&!4#(4!
*&62:+(/#8!,(.!(!0+$4$0(%!1(042+!$-!4#&!#&4&+2:&-&23.!(//&(+(-0&!21!4#&!6(+7&+.!21!
62*&+-!#36(-!;&#()$23+!$-!4#&!(+0#(&2%2:$0(%!+&02+*K!/&+#(/.!2-&!21!4#&!62.4!
13-*(6&-4(%!&@(6/%&.!21!03%43+(%!)(+$(4$2-9!
! <#(/4&+.!F5!L!(-*!M!3.&*!&@$.4$-:!(-*!-&,%8!*&)&%2/&*!4#&2+8!42!&@/%$0$4%8!
*&62-.4+(4&!4#(4!2;.&+)&*!:&-&4$0!(-*!03%43+(%!)(+$(4$2-!N!1+26!IOP!/244&+8!
*&02+(4$2-!.48%&.!42!(-0$&-4!0(44%&!64QRS!N!6(8!;&!3.&*!42!$-1&+!/(.4!/2/3%(4$2-!.$>&!
(-*!.3;.4+3043+&!(-*!*&4&04!;244%&-&07!&)&-4.9!H#$.!4#&.$.!02-.$*&+&*!;24#!-&34+(%!
C<#(/4&+.!F!(-*!LG!(-*!;$(.&*!03%43+(%!4+(-.6$..$2-!/+20&..&.!C<#(/4&+.!B!(-*!FG5!!
.#2,$-:!4#(4!4#&+&!$.!+226!,$4#$-!4#&!:&-&?03%43+&!1+(6&,2+7!12+!;24#!(//+2(0#&.
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()%4,-%(2!
2$+-%4#.!5&#$)(!
F(.(+-%4#.)<!
GC! GA! GC! 6! >! 6! >! >!
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"&(..-.!-.2!0(.%9(:!677;<=!
I-+4-.%!LM! ,-N=!J+(K=! F(.)!%#!,-N=!J+(K=! :(-+)!%#!,-N=!J+(K=!
>! 7=7>AC>AC>B! >! 6C!
6! 7=7OBCOBCOC! 6=C! D6=C!
A! 7=76>>6D;D>! 6! C7!
B! 7=77D;CD;C;! 6=C! D6=C!
C! 7=7B;6O;6O;! 6=C! D6=C!
D! 7=77D;CD;C;! 6=C! D6=C!
;! 7=77D;CD;C;! 6=C! D6=C!
E! 7=77D;CD;C;! 6=C! D6=C!
O! 7=6O;6O;6O;! A=C! E;=C!
>7! 7=77;7B66CB! 6! C7!
>>! 7=7D;CD;CDE! A=C! E;=C!
>6! 7=>B>EO>EO6! B=;C! >>E=;C!
>A! 7=76;76;76;! A=C! E;=C!
>B! 7=7B7CB7CB>! B=;C! >>E=;C!
>C! 7=77;7B66CB! 6! C7!
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9@! ;39@:;<:AAB! =3?<! 9;:3?<!
9B! ;3;<:AAB;?B! =3?<! 9;:3?<!
9>! ;3;?=9<>::=! ?3<! :?3<!
?;! ;3;9A<9A<9=! A3<! B@3<!
?9! ;3;;@;=??<=! ?! <;!
??! ;3;>9<=>?>:! <3<! 9A@3<!
?A! ;3;A;=:?9B<! A3@<! >A3@<!
?=! ;3;;=?;9:B9! ?3<! :?3<!
?<! ;3;B?>BA9>A! A3@<! >A3@<!
?:! ;39@=:<@<A=! ?3@<! :B3@<!
?@! ;3;?;=;B9:A! ?3?<! <:3?<!
?B! ;3?:@9?A?BB! =! 9;;!
?>! ;3;<;:A?>99! :3<! 9:?3<!
A;! ;3;<;:A?>99! :3<! 9:?3<!
A9! ;3?=;<;:A?>! :3<! 9:?3<!
A?! ;39:=<<:>:?! :3<! 9:?3<!
AA! ;3?;B9:A?:<! >3?<! ?A93?<!
A=! ;39=9B=A>@?! <3?<! 9A93?<!
A<! ;39A>?=;<;:! 9;3<! ?:?3<!
A:! ;3;?BA:B@>=! B! ?;;!
A@! ;3;?BA:B@>=! B! ?;;!
AB! ;3<=:;>>?>9! B! ?;;!
A>! ;3;?BA:B@>=! B! ?;;!
=;! ;39B=A>@9:A! B! ?;;!
=9! ;3;?9?@:<>:! B! ?;;!
=?! ;3;?9?@:<>:! B! ?;;!
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